Background--The results of studies on the association between prehypertension (blood pressure 120 to 139/80 to 89 mm Hg) and coronary heart disease (CHD) remain controversial. Furthermore, it is unclear whether prehypertension affects the risk of CHD in Asian and Western populations differently. This meta-analysis evaluated the risk of CHD associated with prehypertension and its different subgroups.
H
ypertension is a major cause of cardiovascular disease (CVD). The excess risk of CVD may extend to those with prehypertension (blood pressure [BP] 120-139/80-89 mm Hg). 1 Our prior studies showed that prehypertension was associated with increased risks of composite CVD and stroke. 2, 3 The risks were increased if BP was low, as in low-range prehypertension (120 to 129/ 80 to 84 mm Hg), and were further increased with high-range prehypertension (130 to 139/85 to 89 mm Hg). 2, 3 The effects of abnormal BP on coronary and cerebral arteries are not identical, and the risk of coronary heart disease (CHD) associated with prehypertension is still controversial. [4] [5] [6] Furthermore, the risks of damage to target organs through hypertension vary significantly among different ethnic groups. Stroke, for example, is more common in Asian patients with hypertension, whereas CHD is more prevalent in American and European patients (traditionally defined as Western) with hypertension. 7 This difference may be influenced by the environment and by dietary and lifestyle habits 7 ; however, it remains unclear whether prehypertension affects the risk of CHD for Asian and Western patients differently.
In view of the substantial implications for public health of ethnic differences in the association between prehypertension and CHD risk, we performed a systematic review and metaanalysis of all available prospective data to examine the association between prehypertension and CHD and to estimate the relative effect of prehypertension on CHD risk in Western and Asian populations.
Methods Search Strategy and Selection Criteria
The study was approved by the institutional review committees of the participating hospitals. Following the recommendations of the Meta-analysis of Observational Studies in Epidemiology (MOOSE) group, 8 we systematically searched PubMed and Embase for reports published between January 1, 1966, and June 30, 2014, using a combined text and MeSH heading search strategy with the following terms: prehypertension, prehypertensive, pre-hypertension, pre-hypertensive, blood pressure, arterial pressure, borderline hypertension, and cardiovascular disease, cardiovascular events, coronary artery disease, coronary heart disease, ischemic heart disease, myocardial ischemia, myocardial infarction, angina. We restricted the search to human studies. There were no restrictions on language or publication form. We also reviewed the reference lists of identified reports for other potentially relevant studies. The detailed search strategy for PubMed is presented in Table 1 . The strategies for other databases were similar but were adapted as necessary. Prospective studies were included if they met the following criteria: (1) All participants were aged ≥18 years, (2) BP and other cardiovascular risk factors were assessed at baseline, (3) multivariate-adjusted relative risks (RRs) or hazard ratios for the events (ie, CHD) associated with prehypertension versus the reference category (optimal BP of <120/ 80 mm Hg) were reported.
Studies were excluded (1) if the RRs were unadjusted or adjusted only for age and sex, (2) if enrollment depended on having specific pathologic disorders (eg, diabetes mellitus or other baseline chronic diseases), or (3) if data were derived from the same cohort or meta-analysis of other cohort studies.
When duplicate publications from the same cohort were identified, only the most recent data were included for analysis.
Data Extraction and Quality Assessment
Two investigators (Y. H. and X. C.) independently used the search strategy to identify potentially relevant reports. Complete articles of potentially relevant reports were obtained and reviewed according to predefined criteria. Information on study and participant characteristics, followup duration, and outcome assessment was abstracted and transferred to specially designed, pretested forms. When the primary outcome data were unpublished, we contacted the principal author for additional information.
The quality of each study was evaluated following the guidelines developed by the US Preventive Services Task Force and a modified checklist. 9, 10 This checklist assessed (1) prospective study design, (2) maintenance of comparable groups, (3) adequate adjustment of potential confounders (at least 5 of 6 factors: age, sex, diabetes mellitus, body mass index or other measure of overweight or obesity, cholesterol, and smoking), (4) documented rate of loss to follow-up, (5) outcome assessed blind to baseline status, (6) clear definition of exposures (prehypertension) and outcomes (CHD), (7) temporality (BP measured at baseline, not at the time of outcome assessment), and (8) follow-up of at least 2 years. Study quality was graded as good if the study met 7 or 8 criteria, as fair for 4 to 6 criteria, and as poor for <4 criteria.
Data Synthesis and Analysis
The primary outcome was the RR of CHD in participants with prehypertension. The secondary outcomes were the RRs of For each study, we extracted the multivariate-adjusted risk ratios or hazard ratios (with 95% CIs) for participants with prehypertension versus those with optimal BP. After log transformation of study-specific estimates, the inverse variance approach was used for analysis. 2 The I 2 statistic was used to estimate the percentage of variability across studies attributable to between-study heterogeneity (25%, 50%, and 75%, representing low, moderate, and high heterogeneity, respectively). 11 We detected between-study heterogeneity for several outcomes; therefore, we generated pooled estimates across studies using random-effects meta-analysis. The Western/Asian ratio of RR (and its 95% CI) was calculated according to the method described previously. 12 We assessed the presence of publication bias by inspecting funnel plots for each outcome in which the natural log of RR was plotted against its SE. In addition, we conducted sensitivity analyses in which the pooled RR was recalculated by omitting 1 study at a time. P values were 2-tailed, and the statistical significance was set at 0.05. All analyses were performed with RevMan software (version 5.2 for Windows; Cochrane Collaboration).
We also determined the population-attributable risk (PAR) for prehypertension on the basis of the pooled RR. PAR% expresses the proportion of disease in the study population that is attributable to the exposure (prehypertension) and that could be eliminated if the exposure were eliminated. The PAR% was calculated as PAR%=(Pe)(RRÀ1)/([Pe][RRÀ1]+1) 9100, in which Pe is the proportion of the population exposed to the risk factor (prehypertension) and RR is multivariate adjusted. 2 
Results

Selected Studies and Characteristics
We determined 27 845 manuscripts at initial retrieval. After screening of the titles and abstracts, 81 were found to qualify for full review ( Figure 1 ). Finally, we included 17 prospective cohort studies, with a total of 591 664 participants derived from the general population, for analysis.
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Potentially relevant articles identified and screened for retrieval (n = 27,845) The mean age at enrollment was 54.6 years, and the mean duration of follow-up was 8.53 years. The mean prevalence of prehypertension was 38.8%. Three studies enrolled only women, 13, 19, 23 whereas the others included both sexes, with the proportion of women amounting to 59.2%. Four studies did not exclude participants with CVD at baseline, [16] [17] [18] [19] and all others included participants without CVD. Three studies did not meet our criteria for adequate adjustment of potential confounders, 14, 18, 19 and these were also graded as fair according to the predefined qualityassessment criteria. All other studies were adequately adjusted and graded as good. The details of the quality assessment and adjustment for confounders are presented in Table 3 . The baseline characteristics in prehypertension and optimal BP groups of the included studies are presented in Table 4 .
Association Between Prehypertension and Risk of CHD
Because there was substantial heterogeneity in all studies (I 2 =65%), a random-effects model was used in the analysis.
After multivariate adjustment, prehypertension was associated with increased risk of CHD (RR 1.43, 95% CI 1.26 to 1.63) compared with optimal BP (Figure 2 ). The risk of CHD was higher in Western than in Asian participants (Western: RR There was no evidence of publication bias on visual inspection of the funnel plot (Figure 3 ). On the basis of the pooled RR, the PARs of CHD for prehypertension were 14.3% in the all-studies population, 24.1% in the Western cohort, and 8.4% in the Asian cohort.
Subgroup Analyses
In the subgroup analyses, low-range prehypertension increased the risk of CHD compared with optimal BP (RR 1.27, 95% CI 1.07 to 1.57), and the RR of CHD in high-range prehypertension was 1.58 (95% CI 1.24 to 2.24); however, the difference between low-range and high-range prehypertension was not significant (ratio of RRs 1.24, 95% CI 0.92 to 1.67). Furthermore, the risk of CHD was higher in studies with a follow-up duration ≥10 years (RR 1.68, 95% CI 1.50 to 1.90) than in those with <10 years of follow-up (RR 1.27, 95% CI 1.10 to 1.48; ratio of RRs 1.32, 95% CI 1.09 to 1.60), in studies in which participants with CVD at baseline were excluded (RR 1.54, 95% CI 1.34 to 1.77) than in those in which such participants were not excluded (RR 1.21, 95% CI 1.03 to 1.43; ratio of RRs 1.27, 95% CI 1.03 to 1.58), and in studies with adequate adjustment of other risk factors (RR 1.48, 95% CI 1.30 to 1.49) than in those with inadequate adjustment (RR 1.13, 95% CI 0.99 to 1.28; ratio of RRs 1.31, 95% CI 1.13 to 1.51). There were no significant differences in the comparisons of other subgroups (Table 5) .
Sensitivity Analyses
We used multiple methods to test sensitivity and found that the association of prehypertension and risk of CHD was not influenced by the use of fixed-effect models compared with random-effect models, odds ratios compared with RRs, or recalculation by omitting 1 study at a time.
Discussion
In this meta-analysis comprising 591 664 participants, we found that after controlling for multiple cardiovascular risk factors, people with baseline prehypertension-even at low range-had an increased risk of CHD. The results were more significant in studies with a follow-up duration >10 years, with adequate adjustment of other risk factors, and with exclusion of participants with CVD at baseline. More important, the risk of CHD associated with prehypertension was higher in Western than in Asian participants. The PAR calculation indicated that 8.4% of CHD cases could be prevented if prehypertension were eliminated in Asian patients, and this proportion increased to up to 24.1% in Western patients.
The term prehypertension has been controversial. An argument against this term is that the range of BP is too broad and that those with prehypertension at the high range (BP 130-139/85-89 mm Hg) and at the low range (BP 120 to 129/80 to 84 mm Hg) may have varying risks of developing CVD. 27, 28 In this study, we obtained robust data to show that persons with baseline prehypertension, even at Continued the low range, were at increased risk of CHD. These results were supported by our prior studies, which showed that even low-range prehypertension increased the risk of stroke 2 and end-stage renal disease 29 compared with optimal BP. Unlike the present study, Shen et al reported in another recently published meta-analysis that the association between lowrange prehypertension and CHD was not significant. 30 The possible interpretation for these inconsistent findings may owe to the different inclusion criteria of the meta-analyses. The analysis by Shen et al included some studies with teenaged participants (aged <18 years) and included data from meta-analyses. In contrast, we included only prospective cohort studies with adults, with the RR of CHD reported in a multivariate-adjusted model. This feature decreases the possibility of other known confounders influencing the association between prehypertension and CHD. To avoid duplicate inclusion, we excluded data derived from the same cohort or from meta-analysis of other cohort studies.
Furthermore, we used a wider search strategy, including the terms prehypertension, prehypertensive, borderline hypertension, blood pressure, and arterial pressure, to detect potential related studies. Our study finally included 17 studies, 3 of which were not included in the prior study. 5, 16, 21 We believe that the wider search strategy is important to help capture potentially relevant studies. Meta-analyses may be biased if they fail to identify all relevant studies. In clinical trials of hypertension treatment, the ratio of stroke to myocardial infarction has been reported as 5 to 8:1 in Chinese patients and 1:1 in Western patients. 7 In this study, we found that the PAR of prehypertension for CHD was 8.4% in Asians, a proportion approximately one third that of Westerners (24.1%). Our prior study also showed that the risk of CVD mortality in prehypertensive persons tended to be higher in black participants than in other ethnic groups. 31 These differences may be affected by the environment and by dietary and lifestyle habits. These results further supported The baseline characteristics in pre-HT and optimal BP groups were not reported in the studies by Lee et al, 5 Onat et al, 14 Pednekar et al, 18 and Dorjgochoo et al. 19 BMI indicates body mass index; BP, blood pressure; DBP, diastolic blood pressure; DM, diabetes mellitus; LDL-C, low-density lipoprotein cholesterol; pre-HT, prehypertension; SBP, systolic blood pressure; TC, total cholesterol. *vs optimal BP.
the heterogeneity of target-organ damage caused by prehypertension and hypertension among different ethnicities and underscore the importance of prevention of CHD in Western patients with prehypertension. Considering the incidence of prehypertension of 30% to 50% 27 in addition to the robust and significant association between prehypertension and CHD, especially in Western participants, successful intervention in this large population could have a major impact on public health. Randomized trials examining the effects of antihypertensive therapy on the primary prevention of cardiovascular events specifically in those with prehypertension are rare, so professional societies do not currently recommend pharmacotherapy for prehypertension. [32] [33] [34] In fact, the definitions of hypertension and prehypertension were not addressed in the 2014 report from the panel members appointed to the Eighth Joint National Committee (JNC-8), 34 but thresholds for pharmacological treatment were defined. It is recommended that in the general population, pharmacological treatment should be initiated to lower BP, with a target <140/90 mm Hg or <150/90 mm Hg in those aged <60 or ≥60 years, respectively. For secondary prevention, data on whether antihypertensive therapy in prehypertensive patients with CHD could stem the progression of disease are also inconsistent. The substudy of the Comparison of Amlodipine Versus Enalapril to Limit Occurrences of Thrombosis (CAMELOT) trial showed that in CHD patients treated with amlodipine, enalapril, or placebo, those with hypertensive average BP had a significant increase in atheroma volume and those with prehypertensive BP had no major change, whereas those with optimal BP had a decrease in atheroma volume detected by repeated intravascular ultrasound over 2 years of follow-up. 35 In contrast, the recently published Aliskiren Quantitative Atherosclerosis Regression Intravascular Ultrasound Study (AQUARIUS) did not find the same results. 36 In that study, 458 CHD participants with BP in the prehypertension range (systolic BP between 125 and 139 mm Hg) underwent intravascular ultrasound imaging and were randomized to receive aliskiren or placebo for 104 weeks. Disease progression was measured by repeated intravascular ultrasound examination after at least 72 weeks of treatment. Although the BP levels in the aliskiren group were 2.09/1.45 mm Hg lower than in the placebo group, there were no significant differences in regression of atheroma volume (P=0.08) in the aliskiren and placebo groups. It should be noted that the negative results may be confounded by the small sample size, the limited follow-up duration, and the extensive use of multiple drugs for secondary prevention of CHD, such as statins and b-blockers. Furthermore, patients enrolled in the AQUARIUS study showed a high prevalence of other cardiovascular risk factors (mean body mass index 30 kg/m 2 , 29.2% with diabetes, 83.9% with history of hypertension, 30.7% with history of smoking). Considering these inconsistent results, we agree that lifestyle modification is the mainstay of treatment for prehypertension in the general population. In our study, however, we also found that the risk of CHD with prehypertension was higher in Western participants and in studies with a follow-up duration ≥10 years. Consequently, controlled trials with large samples and long follow-up duration are required to determine the lower BP target in patients with CHD, especially in high-risk subpopulations and different ethnicities.
It is interesting that in comparison to an optimal BP group, prehypertension increased the risk of CHD in the studies that excluded participants with CVD at baseline (RR 1.54, 95% CI 1.34 to 1.77) and in those studies that did not exclude participants with CVD at baseline (RR 1.21, 95% CI 1.03 to 1.43). These results highlight the importance of primary intervention for prehypertension and secondary prevention for CHD. Furthermore, the RR of CHD with prehypertension was much more pronounced in studies that excluded CVD at baseline than in those that did not (P=0.03). This may be because in those studies that did not exclude participants with CVD at baseline, the comparable group (optimal BP group) may also have included participants with CVD, which was associated with a higher risk of CHD events. This feature may have had a diluting effect when the RR of CHD was calculated.
The main strengths of our study are the very large sample size and the consistency of results in subgroup analyses and sensitivity analyses. Furthermore, the included studies were restricted to prospective cohort studies and reported multivariate-adjusted RRs. Alternatively, some limitations of this meta-analysis should be considered. First, the determination of BP in most of the studies was based on single-day measurements, although multiple readings were taken. This approach may misclassify BP levels and lead to dilution bias. Second, we did not have access to patient-level data; however, most of the studies were adequately adjusted for potential confounders and were of high quality, reducing the likelihood that other cardiovascular risk factors influenced the association between prehypertension and CHD. Third, persons with prehypertension are more likely to progress to hypertension than those with optimal BP, but most of the Outcome was coronary heart disease in Asian and Western participants. RR indicates relative risks.
included studies did not adjust the BP clarification and management afterward.
Conclusions
After adjusting for multiple cardiovascular risk factors, prehypertension-even at the low range-is associated with a high risk of CHD. This risk is more pronounced in Western than in Asian patients. These results supported the heterogeneity of target-organ damage caused by prehypertension and hypertension among different ethnicities and underscore the importance of prevention of CHD in Western patients with prehypertension. Future clinical trials are needed to determine whether interventions for prehypertension have different effects on risk of CHD in different ethnicities.
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